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Understanding the atmospheric concentrations of carbon
dioxide (CO2) and other greenhouse gases is a relevant and
extremely topical research area. On the one hand, the com-
plex natural cycles of these gases, their fascinating past vari-
ations, and their massive perturbations by humans pose in-
teresting research questions and a need for curiosity-driven
ongoing investigations. One the other hand, anthropogenic
emissions of CO2 and other greenhouse gases perturb the
climate with far-reaching consequences for natural and so-
cioeconomic systems. This calls for comprehensive research
studies to provide relevant, solution-oriented scientific find-
ings to policymakers. The parties of the Paris Agreement,
recognizing the threat of dangerous anthropogenic climate
interferences, agreed (i) to limit global warming to maximum
2 ◦C and (ii) “to achieve a balance between anthropogenic
emissions by sources and removals by sinks of greenhouse
gases in the second half of this century”.
The major greenhouse gas sources and sinks are reason-
ably well understood. It is also clear that CO2 emissions
from fossil energy use is the dominant driver of human-
caused global warming. A significant fraction of these emis-
sions will stay in the atmosphere over many millennia; warm
the lower atmosphere and the ocean; and aggravate ob-
served ocean acidification, ocean deoxygenation, and sea
level rise. However, in the details there remain many open
questions. Which processes led to past abrupt shifts and
glacial–interglacial variations in greenhouse gas concentra-
tions, and may similar abrupt shifts happen in the future?
What are the drivers of greenhouse gas sources and sinks, and
how will the sinks evolve in the future? What observational
systems are to be in place to verify reported country-based
emission reductions? How can we refine the art of measur-
ing greenhouse gases? What can we learn from carbon iso-
topes? How will more frequent and severe extreme events
such as marine and atmospheric heat waves affect the carbon
cycle? How does global warming drive emissions of carbon
dioxide, methane, and nitrous oxide from natural ecosystems
such as peat- and wetlands? How will land management by
humans affect greenhouse gas emissions? What are the op-
tions to limit and reduce human perturbations of the Earth
system?
Two conference series – the International Carbon Dioxide
Conference (ICDC) and the Carbon Dioxide, Other Green-
house Gases, and Related Measurement Techniques Confer-
ence (GGMT) – provide the interdisciplinary platform to dis-
cuss these and related questions. ICDC returned for its an-
niversary event to its origin, the Bernese area in Switzer-
land. The first two events of the quadrennial conference se-
ries were organized in 1981 in Bern and in 1985 in the vil-
lage of Kandersteg by Hans Oeschger, Charles David Keel-
ing, and Ulrich Siegenthaler. Meanwhile the seeds of these
pioneers in the fields of ice core CO2 reconstructions, at-
mospheric CO2 measurements, and carbon cycle modeling
have matured. The conference has developed into an estab-
lished platform for the global scientific community for the
exchange of the latest scientific results and for the initia-
tion of new collaborations. The conference provides an inte-
grated, interdisciplinary view of the global carbon cycle and
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its perturbation by humans. Conference themes include the
contemporary carbon cycle, its trends, variability, and ob-
servations; the paleo-perspective and planetary boundaries;
biogeochemical processes and their feedbacks and linkages
with ecosystems as well as climate and socioeconomic pro-
cesses; scenarios for the future and steps toward long-term
Earth system stability; and carbon cycle research in support
of the Paris Agreement.
GGMT started in 1975 as a CO2 experts meeting initiated
by Charles David Keeling together with only a few experts.
Nowadays organized in 2-year intervals at various locations
around the globe, the GGMT conferences have become cor-
nerstone events of the international greenhouse gas monitor-
ing and research programs. The World Meteorological Orga-
nization (WMO) provided the umbrella to all GGMT meet-
ings, and in 1997 the International Atomic Energy Agency
(IAEA) in Vienna joined. The latest scientific findings are ex-
changed with respect to measurement techniques and calibra-
tion strategies, urban network development and megacities,
comparison of reference materials, remote sensing and inte-
gration of observations, and data products and policy. Tar-
get species are carbon dioxide and other greenhouse gases,
stable isotopes, and radiocarbon in greenhouse gas measure-
ments. Thus, GGMT serves as the scientific backbone of the
observation programs of the WMO, supporting worldwide
compatibility of observations relevant for scientists, policy-
makers, and international treaties.
ICDC10 (www.icdc10.ch, last access: 28 May 2018) took
place in Interlaken, Switzerland during 21–25 August 2017
and was hosted by the Oeschger Center for Climate Change
Research, University of Bern. Contributions were invited
from natural and social scientists and from all disciplines ad-
dressing the global carbon cycle and its anthropogenic per-
turbation. ICDC10 was attended by 520 participants from all
inhabited continents. Seven out of the 15 invited oral pre-
sentations were given by female scientists. Thirty-four oral
presentations in plenary and 48 in parallel sessions were
complemented by 374 poster presentations. Special sessions
were dedicated to our esteemed late colleagues Ernst Maier-
Reimer and Michael R. Raupach.
The 19th GGMT (GGMT-2017; www.empa.ch/ggmt2017,
last access: 28 May 2018) conference was organized and
hosted by Empa in Dübendorf from 27 to 31 August 2017.
One hundred sixty-eight participants from 26 countries and
6 continents attended the conference. One hundred seventeen
abstracts were submitted prior to the meeting, and the ad-
visory committee selected 47 and 70 abstracts for oral and
poster presentations, respectively.
This special issue presents written contributions from
ICDC10 and GGMT-2017. The special issue is open ac-
cess and jointly organized between the journals Atmo-
spheric Measurement Techniques, Atmospheric Chemistry
and Physics, Biogeosciences, Climate of the Past, and Earth
System Dynamics. The papers of the two conferences sig-
nificantly contribute to the understanding of our Earth sys-
tem by improving observational capabilities and by exploring
and quantifying mechanisms, variability, and human-induced
change. The findings provide relevant information to estab-
lish the best scientific knowledge on pressing scientific, en-
vironmental, and societal challenges.
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